Energy harvesting is an indispensable mechanism of sensor devices that operate in perpetuity. While harvesting free energy from the environment has enabled many applications, it has also spawned new problems, and new paradigms. Notably, making decisions on when to use high power sensors and external components when energy is scarce, and future supply is unpredictable. Because sensor nodes generally share a single, centralized energy store, seemingly atomic, or unrelated sensing tasks can hamper each other by drawing the supply voltage too low, and draining the energy reservoir.
FEDERATING ENERGY
Traditional sensing systems rely on a single energy source such as a battery, or super-capacitor, that powers all system components (e.g., processors, sensors, radios and other peripherals) . This Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author(s). Copyright is held by the owner/author(s paradigm works well when energy reserve are large, and power failures are rare. However, for intermittently powered sensing devices [1, 2, [4] [5] [6] that live off harvested energy and die frequently, this approach can be prohibitive.
We propose a new federated approach to storing harvested energy that separates energy concerns, making it difficult for different system components to starve each other. Our approach, called UFoP (United Federation of Peripherals), uses individual per-peripheral energy stores in the form of small capacitors and low-power control circuitry to isolate and prioritize individual peripherals. Federating energy storage allows power-hungry operations to proceed without sacrificing the device's immediate ability to use other peripherals, gather new data, process incoming data, and respond to incoming stimuli. This approach also simplifies the task of programming energy-aware logic-effectively replacing complex modeling of analog circuit behaviors with simple binary decisions based on whether or not a peripheral is available.
Our initial implementation of the UFoP approach uses ultra-lowpower comparators to control and prioritize the charging of individual energy stores, where the microcontroller gets the first priority. The main capacitor charges until it reaches 2.7 V, then the microcontroller turns on. When the input voltage reaches 3.1 V, the peripheral capacitors charge. Application designers can monitor these voltages to know when a peripheral becomes available. Figure 1 shows a UFoP system that is integrated with two commonly used peripherals in sensing applications (i.e., a sensor and a radio). The system consists of four main components: an energy harvester, charging controller, peripheral controller, and peripherals. The energy harvesting device harvests ambient energy and stores it in the first-stage capacitor. The charge controller is responsible for turning on and off the microcontroller and charging an array of peripheral capacitors. The peripheral controller turns on and off peripherals (sensor and radio), which are only available when their capacitors are charged.
SYSTEM ARCHITECTURE
Energy Harvesting: The UFoP system is powered by ambient sources. The energy harvester converts free energy from the environment (e.g., solar, thermal, radio frequency (RF), and kinetic energy) into electrical energy (DC), which the harvester supplies to the rest of the system. From the harvester, the current first flows to charge first-stage capacitor that powers the microcontroller. Peripherals: Two most commonly used peripherals in sensing applications are sensor and radio. The type of the peripherals and the tasks they perform determine the size of the capacitors used.
When an application uses a lightweight sensor and a radio, the size of the capacitor for the sensor should be a lot smaller than that for the radio. If the application requires intensive data transmission, the radio's capacitor size must be large enough to support the tasks. In the UFoP system, the peripherals are only available when their dedicated capacitors are charged.
DEMONSTRATION DESCRIPTION
This is a demo of an associated paper presented at SenSys'15 [3] which contains a more detailed description of the system. We show the difference between a centralized energy system and a system that uses UFoP. Each system is equipped with a small solar panel, a LED flashlight is used to generate light. The availability of the MCU and each peripheral (a sensor and radio) are shown with LEDs as well as graphically on a display. This highlights the differences in each approach, and the benefits of using UFoP.
CONCLUSION
This demonstration presents UFoP, a federated approach to energy storage for intermittently-powered sensors. UFoP allows application developers to separate energy concerns in a system; with a dedicated energy store for each component. Sensors, radios, and other peripherals become independent of each other, allowing for simpler decision making, and guaranteed outcomes. UFoP increases availability, energy harvesting efficiency, and resiliency to programmer error.
